Summary &horbar; The aim of this investigation was to compare the effect of an opioid, D ala 2 metenkephalinamide (DAMA), on net jejunal and ileal water and electrolyte fluxes using the gut perfusion technique in the anesthetized cat. Intestinal transport was measured during intravenous infusion of serial doses of 2, 6, and 18 gg-kg-l -h-1 of DAMA in 6 cats. Each cat was its own control during an intravenous infusion of 150 mmola NaCl preceding the first dose of peptide and following the last dose of DAMA. Both jejunal and ileal segments were isolated by inflated balloons and were studied at the same time. Fifteen ml of an iso-osmolar test solution with hypo-osmolar ion contents and complementary mannitol were administered in the uptstream tube and collected 1 h later in the downstream tube. In the jejunum, water secretion was dose-dependently reversed to an absorption from a control value of +0.5 t 0.4 to !.83 t 0.5 ml-h-1 !10 cm-!; in the ileum, water absorption was increased from -0.5 ± 0.3 to -1.5 f 0.2 ml-h-1 -10 cm-!. The 
INTRODUCTION
The intestinal mucosa is innervated by cholinergic, adrenergic, peptidergic and intrinsic amine-handling nerve fibers (Furness and Costa, 1980; Thomas and Templeton, 1981) . ). Both parasympathetic (Morris and Turnberg, 1980) and sympathetic (Morris and Turnberg, 1981) autonomic pathways have been implicated in the physiological control of intestinal transport. Stimulation of sympathetic nerves has resulted in a 2-fold increase in water absorption in the cat small intestine (Brunsson et al, 1979) , while parasympathetic pathways are involved in intestinal secretion (Morris and Turnberg, 1980) . Enkephalins are naturally occurring peptides (Polak et al, 1977) which are present in the enteric nervous system, located in extrinsic nerves, in cells and fibers of the myenteric plexus. They have an affinity for delta and mu opiate receptors (Bradbury et al, 1976; Lord et al, 1977) , which are present in myenteric and submucosal plexus in gastro-intestinal smooth muscle (Furness and Costa, 1980) but not on enterocytes (Binder et al, 1984) in rats. There is evidence that opiates and enkephalins exert a large spectrum of effects in the digestive tract (Olson et al, 1987) ; in particular, they inhibit intestinal secretion and increase intestinal absorption. The Reasbeck, 1983) or in the rat (Fogel and Kaplan, 1984) , or on cholera toxin, prostaglandin E1 and VIP-induced secretion in the rat (Beubler and Lembeck, 1979; Coupar, 1983) . The absorptive effect has been showed principally in vitro at the ileal level in the rabbit (Dobbins et al, 1980; McKay et al, 1981) and the guineapig (Kachur et al, 1980) , as a decrease of short-circuit current and an increase in net NaCl absorption.
The aim of this experiment was to study the effect of enkephalin on water and electrolyte transport in the cat in which the action of opioid peptides has not been studied. The hydroelectrolytic transport was studied simultaneously in the jejunum and the ileum of the same animal. The cats were kept anesthetized for several days, to repeat such a comparison, using a technique (Vagne et al, 1986) derived from the gut perfusion technique (Barbezat and Reasbeck, 1983) . The well-known inhibitory effect of enkephalins on motility in the cat as in other species (Edin et al, 1980) (Vagne et al, 1986) . A gastric cannula was inserted in the gastric fundus and brought to the outside through an incision in the abdominal wall (fig 1 The animals were kept in a ventilated incubator at 30°C with 50% humidity and ventilation. Each day, the animals were weight-controled and received penicillin, glucose and saline by subcutaneous route as described previously (Vagne et al, 1986 ).
Experimental design
Each day, the 4 balloons were inflated with 10 0 ml of air and the delimited jejunal and ileal loops were rinsed with warmed distilled water which was drained into the distal tubes. Some air was pushed into the loop to get rid of the water. The loops were then washed with 20 ml of water containing 30 mgfl of phenol red (PR). PR acted as a marker for the water left in the loop after pushing some air through and before administering 15 ml of the test solution. The solution contained 70 mM of NaCi, 10 mM of NaHC0 3 , The continuous IV infusion of DAMA It resulted in a change from jejunal water secretion to water absorption (from 0.5 ± 0.4 to -0.8 ± 0.5 ml/h) and in an increase of ileal water absorption (P < 0.05) (from -0.5 ± 0.3 to -1.5 ± 0.2 ml/h). The changes were related to the dose of DAMA and in our experimental design the dose of 18
Ilgokg-1 oh-1 was the most efficient dose for all the effects which were determined. Jejunal Na+ and CI + secretions were decreased (respectively from 208 ± 5 to -3 ± 38 and 197 ± 59 to 9 ± 35 pEq/h) while ileal Na secretion was replaced by an absorption (from 46 ± 62 to -122 ± 39 pEq/h) and Cl-absorption was increased (from -42 ± 53 to -184 ± 39 pEq/h), (P < 0.05), (fig 2) .
For bicarbonate, the increase in jejunal absorption was not statistically significant but the decrease in ileal bicarbonate secretion was significant (P < 0.05) (from 64 ± 15 to 23 ± 8 pEq/h). Both K + and Ca 2+ secretions from jejunum and ileum were decreased with a significant change, leading to absorption in the ileum only for K + (from 1.6 ± 4 to -6.1 ± 1.7 pEq/h) and in the jejunum for Ca 2 + (from 0.48 ± 0.77 to -0.87 ±0.66 pmol/h).
During peptide administration, Na + and Cl-concentrations of the jejunal contents collected after 1 h were decreased (P < 0.05). Bicarbonate concentration was decreased (table I) .
Na+ and CI-concentrations of the ileal contents were decreased (P < 0.05, 0.02).
Bicarbonate concentration decrease was at the limit of significance. A significant decrease (fig 2) . Electrolyte concentrations in the jejunum as well as in the ileum returned to near basal levels.
DISCUSSION
We have studied simultaneously in the same cat water and electrolyte transport in the jejunum and in the ileum in basal conditions and in response to DAMA intravenous infusion.
We determined in preliminary experiments the low concentration of sodium and chloride solution which would be suitable for approaching the zero flux ion concentration in both segments (Fromm and Hegel, 1987) An increase in water and ion absorption has been demonstrated following serosal administration of enkephalin in vitro in the rabbit ileum (Dobbins et al, 1980) and in the guinea pig (Kachur et al, 1980) , in vivo in the dog (Barbezat and Reasbeck, 1983) and the rat (Fogel and Kaplan, 1984) jejunum. Doses used in the dog (20 gg-kg-1 ·hw) were similar to those used in the cat, and the decrease of ionic concentration of the fluid after absorption was also observed (Barbezat and Reasbeck, 1983) .
The in vitro effect of DAMA, studied on ileal tissue, has been shown to be associated with a decrease in the short-circuit current (Dobbins et al, 1980; McKay et al, 1981; Binder et al, 1984) , suggesting an increase in electrogenic chloride absorption (Dobbins et al, 1980; McKay et al, 1981 Sodium changes were a little at variance with some studies reporting no change (McKay et al, 1981) and others showing an increased absorption (Dobbins et al, 1980 ) during exposure to enkephalins. In vivo studies (Barbezat and Reasbeck, 1983 ) revealed a more pronounced increase in net absorption of sodium and bicarbonate during enkephalin infusion in dog than in cat or rat (Coupar, 1978 (Cooke, 1986) , at 2 different levels of the intestine, jejunum and ileum, even though it is clearly evident that the mechanisms of ion transport differ. A different motility response to metenkephalin was also observed at the 3 levels of the small intestine in the cat (Radomirov et al, 1990 ). This confirms that intestinal transport is controlled by several neurotransmitters and that opioids intervene in cat as in other species in increasing absorption. Our protocol excludes the possibility that this effect could be due to motility inhibition, which is a wellknown property of the opioid peptides (Roz6 and Dubrasquet, 1983) and which has traditionally been thought to underlie their antidiarrheal or constipating activity (Manara and Bianchetti, 1985) . Previous work has shown that mucosal blood flow can influence absorption (Mailman, 1984) , a factor which has not been studied in our experiments. Since no enkephallin receptors have been discovered on dog mucosal cells but in membranes of myenteric and deep muscular plexus (Allescher et al, 1989) , it has been proposed that enkaphalin (which reduces acetylcholine release at muscle level: Paton, 1957) , induces absorption by adrenergic preponderance (Taper, 1983) 
